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Abstract 
&DPPHFKDQLVPVDUHYHU\LPSRUWDQWPHFKDQLFDOREMHFWVZKLFKDUHXVHGLQWKHGHVLJQRIYDULRXVPDFKLQHU\7KHLUDSSOLFDWLRQFDQ
EHIRXQGIRUH[DPSOHLQPDFKLQHWRROVWH[WLOHSULQWLQJVHZLQJPDFKLQHVHWF7KLVPHFKDQLFDOREMHFWZDVXVHGLQWKHGHVLJQRI
DVHZLQJPDFKLQHKRRNGULYH7KHKRRNGULYHLVFRPSRVHGE\DIRXUEDUOLQNDJHDQGDFDPPHFKDQLVPZLWKUDGLDOFRQMXJDWHFDPV
DQGDQRVFLOODWLQJUROOHUIROORZHU7KHPDLQDLPRIWKHNLQHPDWLFV\QWKHVLVZDVWRGHWHUPLQHWKHRSWLPDOFKDUDFWHULVWLFSDUDPHWHUV
RI WKHFDPPHFKDQLVPKRRNGULYH$V WKHFULWHULRQIRU WKHGHWHUPLQLQJRI WKHPRVWDSSURSULDWHGLPHQVLRQV LWZDVFKRVHQ WKH
SUHVVXUHDQJOHFRXUVHLQWKHSURSRVHGPHFKDQLFDOV\VWHP$QRWKHUJRDORIWKHFRPSXWDWLRQDODQDO\VLVZDVWKHGHWHUPLQLQJRIWKH
FDPPHFKDQLVPG\QDPLFEHKDYLRUDQGSURSHUWLHVZKLFKDUHH[SUHVVHGLQWKH+HUW]LDQSUHVVXUHFRXUVHDQGHVWLPDWHGUDWLQJOLIHRI
FXUYHUROOHUEHDULQJV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH0RGHOOLQJRI0HFKDQLFDODQG0HFKDWURQLF6\VWHPV00D06

.H\ZRUGV&DPPHFKDQLVP'LVSODFHPHQWODZ.LQHPDWLFV\QWKHVLV3UHVVXUHDQJOH+HUW]SUHVVXUH
1. Introduction 
&DPPHFKDQLVPVPD\LPSOHPHQWUHTXLUHGZRUNLQJPRWLRQYHU\SUHFLVHO\ZLWKDVPDOOQXPEHURIERGLHVORFDWHG
LQDUHODWLYHO\VPDOOVSDFHWKXVLWLVXVHGLQWKHGHVLJQRIYDULHGPDFKLQHU\&DPPHFKDQLVPVKDYHDQLQIOXHQFHRYHU
G\QDPLF SURSHUWLHV DQG EHKDYLRU RI WKH JLYHQ PHFKDQLFDO V\VWHP 7KH LQIOXHQFH GHSHQGV RQ WKH FKRLFH RI D
GLVSODFHPHQW ODZZKLFK H[SUHVVHV D IXQFWLRQDO GHSHQGHQF\RI WKHGULYHQPHPEHUPRWLRQRQ WKHGULYLQJPHPEHU
PRWLRQRIDPHFKDQLFDOV\VWHP
,QFUHDVLQJUHTXLUHPHQWVRQWKHSHUIRUPDQFHRIWKHPHQWLRQHGPDFKLQHVGHPDQGDSSURSULDWHDSSURDFKIRUWKHGHVLJQ
RIFDPPHFKDQLVPV:LWKWKHGHYHORSPHQWRIQXPHULFDOPDWKHPDWLFVDQGLQIRUPDWLFVQXPHULFDOPHWKRGVKDYHEHJXQ


-LĜt2QGUiãHN7HOID[
(PDLODGGUHVVMLULRQGUDVHN#YXWVF]
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WREHDSSOLHGLQWKHGHVLJQRIFDPPHFKDQLVPV$WSUHVHQWLWLVSRVVLEOHWRLPSOHPHQWXVHURULHQWHGVXEURXWLQHVLQWR
FRPPHUFLDOO\DYDLODEOHH[SHUWV\VWHPVZKLFKGHVFULEHPDWKHPDWLFPRGHOVRIGLVSODFHPHQWVDQGNLQHPDWLFTXDQWLWLHV
RIFDPPHFKDQLVPVDQGWUDQVIRUPLQJOLQNDJHV7KHVHWRIWKHVHVXEURXWLQHVPD\EHXVHGIRUNLQHPDWLFDQDO\VLVDQG
V\QWKHVLVRIFDPPHFKDQLVPV7KH\PD\EHDOVRDSSOLHGWRWKHGLPHQVLRQDORSWLPL]DWLRQRIWKHPHFKDQLVPUHJDUGLQJ
HJWKHYDOXHRIWKHPLQLPDOFXUYDWXUHUDGLXVRIWKHFDPSURILOHRUWKHPD[LPXPSUHVVXUHDQJOH7KH\PD\EHXVHGWR
VROYHWKHG\QDPLFVRIFRPELQHGFDPPHFKDQLVPVZLWKULJLGRUIOH[LEOHERGLHV
2. Combined cam mechanisms 
7KLVVHFWLRQJLYHVRQO\EDVLFLQIRUPDWLRQRQKRZWRVROYHWDVNVRIFRPELQHGFDPPHFKDQLVPV'HWDLOHGNQRZOHGJH
RIWKLVLVVXHPD\EHIRXQGLQ>@
 *HQHUDOFDPPHFKDQLVPV
7KHJHQHUDOFDPPHFKDQLVPLVW\SLFDOO\UHIHUUHGWRDVDWKUHHOLQNPHFKDQLVPZLWKVLQJOHGHJUHHRIIUHHGRPZKLFK
LQFOXGHVDWOHDVWRQHFDPFRQQHFWHGWRWKHGULYHQOLQNZLWKDWOHDVWRQHJHQHUDONLQHPDWLFSDLU7KHGULYLQJPHPEHU
RIDFDPPHFKDQLVPLVWKHFDP,QWHUPVRIVKDSHLWLVSRVVLEOHWRGHILQHWKHEDVLFFDPW\SHVUDGLDOD[LDOF\OLQGULFDO
JORERLGVHJPHQWHGDQGFRQLFDO7KHGULYHQPHPEHURIDFDPPHFKDQLVPLVWKHIROORZHUZKLFKSHUIRUPVWKHGHVLUHG
PRWLRQ7KHWUDQVODWLQJIROORZHUPRWLRQLVGHILQHGDVWUDQVODWLQJRUJHQHUDO$URWDWLQJIROORZHULVXVXDOO\FDOOHGWKH
OHYHU
7KHFDPSURILOHFRRUGLQDWHVDUHGHWHUPLQHGE\WKHV\QWKHVLVZKLFKLVLPSOHPHQWHGRQWKHEDVLVRIWKHGLVSODFHPHQW
ODZNQRZOHGJHRIWKHJLYHQFDPPHFKDQLVPDQGLWVGLPHQVLRQDOSDUDPHWHUV7KHFDPSRVLWLRQUHODWLYHWRWKHFDP
PHFKDQLVPIUDPHLVGHILQHGZLWKDQDQJXODUYDULDEOHȥDQGWKHIROORZHUSRVLWLRQLVLQGLFDWHGZLWKWKHJHQHUDOL]HG
YDULDEOHY7KHVROYLQJDOJRULWKPVRIJHQHUDOFDPPHFKDQLVPVPDWKHPDWLFDOPRGHOVLQFOXGHUHOHYDQWVXEURXWLQHVDQG
WKDWDUHLGHQWLILHGE\EORFN&IRURWKHUQHHGV
6FKHPDWLF UHSUHVHQWDWLRQRI D FDPPHFKDQLVPZLWK UDGLDO FRQMXJDWH FDPV DQG DQRVFLOODWLQJ UROOHU IROORZHU LV
VKRZQLQ)LJ


)LJ*HQHUDOFDPPHFKDQLVPZLWKUDGLDOFDPVDQGDOHYHU
 &RPELQHGFDPPHFKDQLVPV
$VDFRPELQHGFDPPHFKDQLVPLWLVJHQHUDOO\FDOOHGDPHFKDQLFDOV\VWHPXVXDOO\ZLWKVLQJOHGHJUHHRIIUHHGRP
ZKLFKLQFOXGHVDWOHDVWRQHJHQHUDOFDPPHFKDQLVP7KHV\VWHPPD\IXUWKHULQFOXGHVJHDULQJDQGOLQNDJHVZLWKQRW
RQO\DFRQVWDQWEXWDOVRDJHQHUDOO\YDULDEOHJHDUUDWLR
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7KHUHOHYDQWOLQNDJHLQSXWLVDQRUGHUHGWULSOHRIYDULDEOHVxN  N[  N[  N[ H[SUHVVLQJPRWLRQRIWKHLQSXWOLQNRI
DPHFKDQLFDOV\VWHP7KHRXWSXWLVWKHQDWULSOHRIYDULDEOHVyN  N\  N\  N\ ZKLFKUHSUHVHQWVWKHPRWLRQRIWKH
RXWSXW OLQNRI WKH VDPH V\VWHP ,QGH[NGHQRWHV WKHQXPHULFDO LQGLFDWLRQRI WKH UHOHYDQW OLQNDJH ,QGH[NZLOOEH
QHJOHFWHGLQWKHQH[WWH[WSDUW7KHJHQHUDOHTXDWLRQRIWKHOLQNDJHPD\EHGHILQHGDVDQLPSOLFLWIXQFWLRQ
 W\\W[[\[)      
%\GLIIHUHQWLDWLQJWKHHTXDWLRQLQWLPHDUHODWLRQPD\EHREWDLQHGEHWZHHQYHORFLW\DQGDFFHOHUDWLRQ>@
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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ZKLFKH[SUHVVUHODWLRQVIRUFDOFXODWLQJYHORFLW\DQGDFFHOHUDWLRQRIWKHRXWSXWPHPEHU(TXDWLRQVWRUHSUHVHQW
WKHVROYLQJDOJRULWKPVRIWKHOLQNDJHPDWKHPDWLFDOPRGHOVZKLFKDUHGHILQHGE\UHOHYDQWVXEURXWLQHV
7KHLQGLYLGXDOOLQNDJHFDQEHSODFHGLQWRVRFDOOHGFKDLQVZKHQWKHRXWSXWVRIWKHJLYHQPHFKDQLVPDUHDOVRWKH
LQSXWVRIWKHQH[WPHFKDQLVP7KHDOJRULWKPVRIOLQNDJHVROYLQJDUHPDUNHGZLWKWUDQVIRUPDWLRQEORFNV7NDVVKRZQ
LQ)LJ


)LJ/LQNDJHFKDLQ
7RWKHGULYLQJOLQNRIDFRPELQHGFDPPHFKDQLVPLWLVDVVLJQHGYDULDEOHĲ7KHGULYHQOLQNSRVLWLRQLVLQGLFDWHG
ZLWKWKHYDULDEOHZ)RUDGULYHQOLQNLWLVXVXDOO\UHJDUGHGDVDZRUNLQJOLQNRUWKHERG\ZKRVHYDOXHVDUHWKHVROXWLRQ
UHVXOW
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 'LVSODFHPHQWODZV
$GLVSODFHPHQWODZH[SUHVVHVDIXQFWLRQDOGHSHQGHQF\RIWKHGULYHQERG\PRWLRQRQWKHGULYLQJPHPEHUPRWLRQ
RID FRPELQHGFDPPHFKDQLVP'LVSODFHPHQW ODZVZĲRIPHFKDQLFDO V\VWHPVZLWK URWDWLQJFDPVDUHSHULRGLFDO
IXQFWLRQVZLWKDSHULRGRIʌ7KHSHULRGʌPD\EHGLYLGHGLQWRPRWLRQDQGGZHOOLQWHUYDOVVHH)LJ'LVSODFHPHQWV
RQHDFKPRWLRQLQWHUYDOPD\EHGLIIHUHQWLQDPD[LPXPWRWDOULVH:DQGDQH[SUHVVLRQRIWKHQRUPDOL]HGIRUPZKHUH
WKHGLVSODFHPHQWȘ ȘȟDQGWKHUDQJHDUHXQLW\>@


)LJ'LVSODFHPHQWODZ
7KHYDULDEOHV ȟȘ RI HDFKPRWLRQ LQWHUYDO DUH LQ OLQHDU FRUUHODWLRQZLWK WKHRULJLQDO YDULDEOHV ĲZ DQG FDQEH
H[SUHVVHGDV>@
    
:
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  W[KWW[  
7KHLQLWLDOSRLQWRIGLVSODFHPHQWRQWKHPRWLRQLQWHUYDOLVGHILQHGE\WKHFRRUGLQDWHVĲZ7KHLQWHUYDOOHQJWKRIWKH
LQGHSHQGHQWYDULDEOHĲLVJLYHQE\WKHPDJQLWXGHȉ7KHUHODWLRQVKLSEHWZHHQWKHRULJLQDODQGQRUPDOL]HGGHULYDWLYHV
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Z W[KW[KW[K  
7RWKHVROXWLRQRISUREOHPVUHODWHGWRWKHNLQHPDWLFDQDO\VLVDQGV\QWKHVLVRIFDPV\VWHPVLWLVSRVVLEOHWRXVHD
EURDGVHWRIGLVSODFHPHQW ODZV LQD QRUPDOL]HG IRUP7KHVH LQFOXGH IRUH[DPSOHSRO\QRPLDO WULJRQRPHWULFDQG
H[SRQHQWLDOGLVSODFHPHQWVF\FORLGDOSDUDEROLFDQGJRQLRPHWULFGLVSODFHPHQW7KHXVHUOLEUDU\RIWKHGLVSODFHPHQW
ODZVRQWKHEDVLVRIHTXDWLRQVWRZDVGHYHORSHG
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 6ROYLQJWDVNVRIFRPELQHGFDPPHFKDQLVPV
7KHSURFHGXUHRIFDOFXODWLQJDFRPELQHGFDPPHFKDQLVPLVVKRZQWKURXJKDEORFNGLDJUDPZKLFKLV IRUPHG
IURPWUDQVIRUPEORFNV7NDQGWUDQVIRUPEORFN&VHH)LJ)URPWKHYLHZRIWKHVWUXFWXUHRIDEORFNGLDJUDPLWLV
DGYLVDEOHWRGLYLGHWKHWUDQVIRUPEORFNVLQWRWKUHHJURXSVZKLFKDUHLGHQWLILHGE\WKHWHUPFKDLQ
- 7KHLQSXWFKDLQ,&FRQQHFWVWKHLQSXWRIWKHV\VWHPZLWKWKHLQSXWRIEORFN&
- 7KHRXWSXWFKDLQ2&FRQQHFWVWKHRXWSXWRIEORFN&ZLWKWKHRXWSXWRIWKHV\VWHP
- 7KHSDUDOOHOFKDLQ3&FRQVLVWVRIEORFNVWKDWGRQRWEHORQJHLWKHUWR,&LQSXWFKDLQRU2&RXWSXWFKDLQ
,QGH[HVLMNOGHQRWHLWKMWKNWKOWKWKHOLQNDJHRIWKHUHOHYDQWFKDLQ


)LJ%ORFNGLDJUDPRIDFRPELQHGFDPPHFKDQLVPFRPSXWDWLRQ
7KHFDOFXODWLRQRIWKHSRVLWLRQDODQGNLQHPDWLFTXDQWLWLHVRIDQ\OLQNRIDFRPELQHGFDPPHFKDQLVPLVGHVLJQHG
DVNLQHPDWLFDQDO\VLVVHHWKHEORFNGLDJUDPLQ)LJ7KHLQSXWGDWDDUHW\SLFDOGDWDRQDPHFKDQLVPWKHSURFHGXUH
RI FRPSXWDWLRQ RI LWV FKDLQV GLVSODFHPHQW IXQFWLRQ Ĳ   ĲW RI WKH GULYLQJ OLQN DQG WKH FDP WKHRUHWLFDO SURILOH
FRRUGLQDWHVXĳ7KHRXWSXWRIWKHVROXWLRQLVWKHGLVSODFHPHQWRIWKHVHOHFWHGOLQNRIWKHPHFKDQLFDOV\VWHPZ Z 
Z 
$VDNLQHPDWLFV\QWKHVLVRIDFRPELQHGFDPPHFKDQLVPLWLVGHVLJQHGWKHFRPSXWDWLRQRISRODUFRRUGLQDWHVĳX
RIDUDGLDOFDPRUF\OLQGULFDOFRRUGLQDWHVĳ[\RIDQD[LDOFDP)XUWKHUPRUHYLDV\QWKHVLVQRUPDODQJOHȞSUHVVXUH
DQJOHȝDQGUDGLXVRIFXUYDWXUHRIFDPSURILOHȡDUHVHW7KHLQSXWGDWDRIWKHWDVNLQFOXGHGDWDRQDPHFKDQLFDOV\VWHP
WKHFDOFXODWLRQSURFHGXUHRILWVFKDLQVGLVSODFHPHQWIXQFWLRQRIGULYLQJOLQNĲ ĲWDQGGULYHQOLQNZ ZWRIWKH
V\VWHP
3. The hook drive cam mechanism 
7KH VXEMHFW RI WKH GHYHORSPHQW ZRUN KDV EHHQ WKH RSWLPDO FKDUDFWHULVWLF SDUDPHWHUV GHWHUPLQLQJ RI WKH FDP
PHFKDQLVPKRRNGULYH$VWKHFULWHULRQIRUWKHGHWHUPLQLQJRIWKHPRVWDSSURSULDWHGLPHQVLRQVLWZDVFKRVHQWKH
SUHVVXUHDQJOHFRXUVHȝ7KHKRRNGULYHLWVHOIFRQVLVWVRIDIRXUEDUPHFKDQLVPDQGDFDPPHFKDQLVPZLWKUDGLDO
FRQMXJDWHFDPVDQGDQRVFLOODWLQJUROOHUIROORZHUDVVKRZQLQ)LJ
7KHEDVLFNLQHPDWLF VFKHPHRID VHZLQJPDFKLQHKRRNGULYHDQG WKHJHRPHWULFDOO\PDVVFKDUDFWHULVWLFVRI WKH
LQGLYLGXDOPHPEHUVRIWKHIRXUEDUOLQNDJHZHUHVSHFLILHG7KHIRXUEDUOLQNDJHLVGHILQHGDVLPSOLFLWIXQFWLRQ>@
    FRVFRVFRV    WVWVWV TSESTTSEO/  
7KHIRXUEDUPHFKDQLVPOLQNVDUHFUDQNFRQQHFWLQJURGDQGUDGLDOFRQMXJDWHFDPV
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7KHVROYLQJDOJRULWKPVRISUREOHPVUHODWHGWRWKHNLQHPDWLFV\QWKHVLVRIWKHJLYHQFDPPHFKDQLVPDUHH[SUHVVHG
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(TXDWLRQVUHSUHVHQWWKHFRPSXWDWLRQRISRODUFRRUGLQDWHVĳXRIWKHUDGLDOFDPDQGSUHVVXUHDQJOHȝ


)LJ.LQHPDWLFVFKHPHRIWKHKRRNGULYH
7KHDLPRIWKHRSWLPL]DWLRQFDOFXODWLRQVZDVWRGHWHUPLQHWKHFKDUDFWHULVWLFGLPHQVLRQVRIWKHFDPPHFKDQLVP
LH
- GLVWDQFHDRIURWDU\D[HVRIGRXEOHFDPDQGOHYHU
- DUPOHQJWKVE$DQGE%RIOHYHUZKLOHE$ E% E
- DQJOHĮEHWZHHQWKHDUPVRIOHYHU
DQGDVKDSHRIWKHUDGLDOFRQMXJDWHFDPV
7KHGULYLQJPHPEHURIWKHPHFKDQLFDOV\VWHPLVFUDQNLWVSRVLWLRQUHODWLYHWRWKHIUDPHLVGHWHUPLQHGZLWKWKH
DQJXODUYDULDEOHĲ7KHGULYHQERG\LVWKHFDPPHFKDQLVPOHYHULWVSRVLWLRQLVLQGLFDWHGZLWKWKHDQJXODUYDULDEOH
Z7KHG\QDPLFSURSHUWLHVDQGEHKDYLRURI WKH KRRNGULYHZHUHDVVHVVHGRQ WKHEDVLVRIDGLVSODFHPHQW ODZZĲ
ZKRVHPRWLRQLQWHUYDOVDUHGHVFULEHGE\DSRO\QRPLDORIWKHILIWKGHJUHH>@
   > @

  [[[[K    
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7KH LQLWLDO DQG WKH ILQDO SRLQW RI HDFKPRWLRQ LQWHUVHFWLRQ HQG WKHPD[LPXP ULVH: DUH GHILQHG LQ 7DEOH 7KH
GLVSODFHPHQWODZFRXUVHLVUHSUHVHQWHGLQ)LJ
7DEOH%RXQGDU\SRLQWVRIGLVSODFHPHQWODZ
%RXQGDU\SRLQWV VW QG UG WK WK
ĲGHJ     
:PD[GHJ     


)LJ'LVSODFHPHQWODZ
7KHUHVXOWLQJPDWKHPDWLFDOPRGHORIWKHKRRNGULYHFRPELQHGFDPPHFKDQLVPZDVFUHDWHGRQWKHEDVLVRIWKH
RSWLPL]DWLRQSURFHVVHVRIWKHFDPPHFKDQLVPV\QWKHVLVLQVXFKZD\VRWKDWWRDFKLHYHWKHVPDOOHVWSRVVLEOHYDOXHRI
SUHVVXUHDQJOHȝ7KHRZQV\QWKHVLVZDVFDUULHGRXWLQWKHHQYLURQPHQWRIH[SHUWV\VWHPV1;,'($606&$'$06
DQG06&($6<
 $VDPSOHRIWKHUHVXOWV
7KHSUHVVXUHDQJOHȝH[SUHVVHVWKHFDPIRUFHHIIHFWRQWKHGULYHQPHPEHURIDFDPPHFKDQLVP,WLVWKHDQJOH
EHWZHHQWKHQRUPDOWRWKHSLWFKSURILOHRIWKHFDPDQGWKHGLUHFWLRQRIWKHIROORZHUPRWLRQ7KLVDQJOHLVLPSRUWDQWLQ
FDPGHVLJQEHFDXVHLWUHSUHVHQWVWKHFDPSURILOHVWHHSQHVV7KHVPDOOHUWKHYDOXHWKHPRUHIDYRUDEOHWUDQVPLVVLRQRI
IRUFHEHWZHHQWKHFDPDQGWKHFDPPHFKDQLVPGULYHQERG\,WZRXOGEHDGYLVDEOHWKHSUHVVXUHDQJOHWREHEHWZHHQ
]HURDQGDERXWGHJIRUWUDQVODWLQJIROORZHUVWRDYRLGH[FHVVLYHVLGHORDGRQWKHVOLGLQJIROORZHU,IWKHIROORZHU
LVRVFLOODWLQJRQDSLYRWHGDUPDSUHVVXUHDQJOHXSWRDERXWGHJLVDFFHSWDEOH
6HYHUDOYDULDQWVRIWKHFDPPHFKDQLVPZHUHDQDO\]HGZKHUHLQSUHVVXUHDQJOHH[WUHPHYDOXHVRIVRPHRIWKHVHDUH
SUHVHQWHGLQ7DEOH7KHFKDUDFWHULVWLFGLPHQVLRQVRIWKHFDPPHFKDQLVPDUHQRWJLYHQIRUUHDVRQVRIFRQILGHQWLDOLW\
7DEOH&DPPHFKDQLVPSUHVVXUHDQJOH
&DPPHFKDQLVPSUHVVXUHDQJOH 9DULDWLRQ9 9DULDWLRQ9 9DULDWLRQ9
_ȝ$_GHJ   
_ȝ%_GHJ   
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
)LJ3UHVVXUHDQJOHRIWKHFDPPHFKDQLVP$


)LJ3UHVVXUHDQJOHRIWKHFDPPHFKDQLVP%
,QWKHRSHUDWLRQRIFDPPHFKDQLVPVIDWLJXHGDPDJHRIWKHFRQWDFWVXUIDFHVRIDFDPDQGDIROORZHUPD\DSSHDU
7KLVGDPDJHLVLQWKHIRUPRISLWWLQJWKDWGHYHORSVIURPFUDFNVRQWKHVXUIDFHRIWKHDFWLYHDUHD7KLVW\SHRIGDPDJH
LVGXHWRFRQWDFWVWUHVVGHVFULEHGE\+HUW]WKHRU\7KHFRQWDFWRIWKHUROOHUZLWKWKHFDPRFFXUVLQWKHFRQWDFWVXUIDFH
RIOHQJWKOZKHUHDVLQLWVOHQJWKDWUDQVIHURIQRUPDOUHDFWLRQ1RFFXUVLQWKHJHQHUDONLQHPDWLFSDLU1RUPDOUHDFWLRQ
1ZLOOFDXVHDGHIRUPDWLRQRIERWKERGLHVDQGLQGXFHFRQWDFWSUHVVXUHS0D[LPXPSUHVVXUHYDOXHSLVFDOOHG+HUW]
SUHVVXUHZKLFKFDQEHGHWHUPLQHGIURPWKHUHODWLRQVKLSGHULYHGIURPWKHFRQWDFWWKHRU\RIF\OLQGULFDOERGLHVZLWK
SDUDOOHOD[HV>@
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5NGHQRWHVWKHUROOHUGLDPHWHUDQGȡWKHUDGLXVRIFXUYDWXUHRIWKHDFWLYHVXUIDFHRIWKHFDP4XDQWLWLHVįFKDUDFWHUL]H
WKHHODVWLFLW\RIWKHPDWHULDORIWKHERGLHVLQFRQWDFW&RQVWDQWVȞUHSUHVHQW3RLVVRQ¶VUDWLRDQG(<RXQJ¶VPRGXOXV
RIHODVWLFLW\LQWHQVLRQ7KHYDOXHRIWKHSHUPLVVLEOH+HUW]SUHVVXUHVWDQGDUGO\UDQJHVIURPS+ XSWR03D
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7KLVYDOXHGHSHQGVRQWKHJUDGHRIVWHHOIURPZKLFKDFDPLVSURGXFHGDQGRQWKHKHDWRUFKHPRWKHUPDOWUHDWPHQW
RIWKHVXUIDFHOD\HURIFDPV)LJVKRZVDSRVVLEOHFRXUVHRI+HUW]SUHVVXUHVLQWKHFDPPHFKDQLVPRIWKHKRRN
GULYHDWWKHRSHUDWLQJIUHTXHQF\QQ UHYPLQ)URPWKHLUFXUYHVLWLVHYLGHQWWKDWWKHYDOXHRI+HUW]SUHVVXUH
ZLWKLQWKHPDFKLQHZRUNLQJF\FOHGRHVQRWH[FHHGWKHVL]HOLPLW


)LJ+HUW]SUHVVXUH
,Q WHUPV RI WKH G\QDPLF EHKDYLRU RI WKH DQDO\]HGPHFKDQLF V\VWHP UDWLQJ OLIH/ RI WKH EHDULQJ RI WKH FDP
PHFKDQLVPUROOHUVZDVDVVHVVHGWKDWUHVXOWIURPWKHUHODWLRQVKLS>@
> @F\FOHV ¸¸¹
·
¨¨©
§ 
S
HNY
:
5
&/   
,QH[SUHVVLRQ&ZVWDQGVIRUWKHEDVLFG\QDPLFORDGUDWLQJRIWKHEHDULQJDQG5HNYIRUHTXLYDOHQWORDGZKLFKLV
GHWHUPLQHGRQWKHEDVLVRIUHDFWLRQIRUFHVLQWKHUHVSHFWLYHEHDULQJ7KHSDUDPHWHURIWKHEHDULQJSDFKLHYHVWKRVH
YDOXHV
- S   IRUEHDULQJVZLWKSRLQWFRQWDFW
- S   IRUEHDULQJVZLWKOLQHFRQWDFW
(TXLYDOHQWORDGLVGHWHUPLQHGXVLQJWKHUHODWLRQ
> @155 S
L
L
L
S
LL
HNY ¦
¦
 Z
Z
  
ZKHUH5LRUȦLDUHGLVFUHWHYDOXHVRIUHDFWLRQLQWKHEHDULQJRUWKHDQJXODUYHORFLW\RIWKHUHVSHFWLYHEHDULQJGXULQJ
RQHZRUNLQJF\FOH)RUWKHPDFKLQHZRUNLQJVSHHGQQ UHYPLQLWUHVXOWVWKHUDWLQJOLIHRIWKHEHDULQJVRIWKH
FDPPHFKDQLVPUROOHUVDFFRUGLQJWR7DEOH
7DEOH5DWLQJOLIHRIWKHEHDULQJVRIWKHUROOHUV
&DPUROOHU S &Z1 5HNY1 /·F\FOHV
5ROOHU$    
5ROOHU%    
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4. Conclusions 
8VHUOLEUDULHVRISURFHGXUHVDQGIXQFWLRQVKDYHEHHQFUHDWHGWKDWFRQWDLQWKHVROYLQJDOJRULWKPVRIFRPELQHGFDP
PHFKDQLVPPDWKHPDWLFDOPRGHOV7KHVHVXEURXWLQHVGHVFULEHPDWKHPDWLFDOPRGHOVRIGLVSODFHPHQWVDQGNLQHPDWLF
TXDQWLWLHVRIFDPPHFKDQLVPVDQG WUDQVIRUPLQJ OLQNDJHV7KH\DUHXVHGIRUDQHIILFLHQWFUHDWLRQRIPDWKHPDWLFDO
PRGHOVRIWKRVHPHFKDQLFDOV\VWHPV
7KLVDSSURDFKRIGHVLJQLQJDFDPPHFKDQLVPZDVDSSOLHGLQWKHV\QWKHVLVRIWKHVHZLQJPDFKLQHKRRNGULYH7KH
VXEMHFW RI WKH GHYHORSPHQW ZRUN KDV EHHQ WKH GHWHUPLQLQJ RI WKH RSWLPDO FKDUDFWHULVWLF GLPHQVLRQV RI WKH FDP
PHFKDQLVPKRRNGULYH$VWKHFULWHULRQIRUWKHGHWHUPLQLQJRIWKHPRVWDSSURSULDWHGLPHQVLRQVLWZDVFKRVHQWKH
SUHVVXUHDQJOHFRXUVHȝ7KHSUHVVXUHDQJOHȝH[SUHVVHVWKHFDPIRUFHHIIHFWRQWKHFDPPHFKDQLVPGULYHQPHPEHU
7KHG\QDPLFSURSHUWLHVDQGEHKDYLRURIWKHKRRNGULYHZHUHDVVHVVHGRQWKHEDVLVRIDGLVSODFHPHQWODZZKRVHPRWLRQ
LQWHUYDOVDUHGHVFULEHGLQDSRO\QRPLDORIWKHILIWKGHJUHH
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